This cross-sectional study determined the prevalence of nephrolithiasis and common cardiovascular disease (CVO) risk factors in a law enforcement officer (LEO) cohort and evaluated the relationship of nephrolithiasis with several CVO risk factors, including the possible effect of ethnicity. Self reported nephrolithiasis and CVD risk factors among currently employed male LEOs from nine states (n = 2,818) were compared to other men in the same states (n = 9,650). Of the LEOs, 6.2% (n =174) self reported at least one kidney stone (range =1 to 12, mean 2.3 6 2.1 stones).
the disease. These results suggest officers with common CVD risk factors are also at an increased risk for nephrolithiasis. Native American LEOs have a disproportionately higher prevalence of nephrolithiasis than do other ethnic groups. N ephrolithiasis (operationally defined as calculus of the kidney or ureter) has been reported to occur in up to 12% to 15% of the White male population (Pearle, 2001; Wahl, 2000) . Nephrolithiasis is not a new ailment (National Institute of Diabetes and Digestive and Kidney Diseases [NIDDKJ, 2001) , although the prevalence of stones appears to be increasing in industrialized nations (Bushinsky, 2001) and among populations with improvements in standards of living (Morton, 2002) . The number of cases of nephrolithiasis has increased among both men and women during the past two decades (National Kidney Foundation [NKFJ,2000) . However, the condition remains most prevalent among White men in the age range of 20 to 40 years (National Center for Health Statistics, 1999; 200 I; NIDDK, 200 I). In previous studies of the general population, several risk factors consistently have been identified that may contribute to stone formation. Among the risk factors thought to be associated with stone formation are: • Excessive ingestion of animal protein (Morton, 2002; Wahl, 2000) . • Hypertension. • Sedentary activity levels. • Dietary intake of sodium. • Being overweight. • Familial history of stones.
• Inadequate fluid consumption (Borghi, 2002; Greenberg, 2001; Morton, 2002) . Some occupations encompass duties and conditions that perpetuate some of these factors and behaviors. Among these occupations is law enforcement.
Dietary and certain behavioral patterns affect the risk factors for development of nephrolithiasis (Borghi, 2002; Greenberg, 200 I; Morton, 2002; Wahl, 2000) , and some of the behaviors of law enforcement officers (LEOs) may contribute to this risk. For example, this occupation is comprised primarily of men who, when working, frequently engage in prolonged periods of sedentary activity, periods of fluid restriction, and poor dietary behaviors. This profession is also associated with a higher prevalence of hypertension, hypercholesterolemia, and being overweight than is the general public (Franke, 1998; Ramey, 2003) . Each of these risk factors is associated with stone formation (Curhan, 1997; NIDDK, 2001; Schellenberg, 1980; Strazzullo, 200 I) .
Recognizing that the workplace may be a determinant of health, various employment venues have been studied to assess the presence of risk for nephrolithiasis. To date, no other studies have investigated the prevalence of nephrolithiasis within the law enforcement profession. Because LEOs experience an increased prevalence of several risk factors associated with stone formation, a study of this cohort may help to predict and screen those at risk for nephrolithiasis. In clinical environments, a current trend is to embrace outcomes research stimulated by the need for cost effective care. Frequently, LEOs have been found to have an above average prevalence of cardiovascular disease (CVD) (Franke, 1998; Ramey, 2003) . Consequently, this study evaluated the condition of nephrolithiasis and its association with another chronic disease, CVD, in the context of law enforcement.
The objectives of this study were to: • Determine the prevalence of nephrolithiasis and common CVD risk factors in a LEO cohort. • Evaluate alignment of these risk factors for nephrolithiasis in this cohort. • Determine the relationship of nephrolithiasis with several CVD risk factors, including the possible effect of ethnicity.
In keeping with the current trends to embrace research stimulated by the need for cost effective care, this study deliberately examines the previously studied condition of nephrolithiasis and its association with another chronic disease, CVD. The implications of ethnicity as it relates to nephrolithiasis and CVD are also addressed in this study. The value of this work lies in the importance of early recognition of patterns of risk factors, to design measures of control. This is expected to affect the development of the chronic disease. Replications of previous research may help facilitate recognition of these patterns by health care practitioners caring for clients with multiplicative risk.
METHODS

Study Design
The results of this study are based on a cross-sectional design, and should be interpreted in that context (Ramey, 2003) . Officers with cardiovascular disease risk factors are also atincreased risk for nephrolithiasis. Native American law enforcement officers may have a disproportionately higher prevalence of nephrolithiasis than other ethnic groups. Awareness ofthis information may prompt early education on the risk factors for both disease entities. The direct and indirect cost associated with nephrolithiasis isexorbitant. Therefore. cost effective primary and secondary prevention strategies are imperative inan already taxed health care system. Occupational health nurses are positioned to orchestrate these strategies. The value of this research lies inthe importance ofearly recognition of patterns ofrisk factors to design measures of control. This isexpected toaffect the development of chronic disease. Pattern recognition by occupational health nurses for concomitant risk factors may impede or retard initial development ofchronic disease.
Sample and SeUing
Potential LEO participants were the 4,627 sworn male LEOs currently employed by their respective Departments of Public Safety (DPS) in nine midwestern states (i.e., Iowa, Michigan, Minnesota, Missouri, Nebraska, North Dakota, South Dakota, Ohio, Oklahoma) in the United States. The comparison group consisted of 9,650 male respondents from the general public in the same states as the LEOs. This cohort included male participants who responded to the 1999 Behavioral Risk Factor Surveillance System (BRFSS) questionnaire developed by the federal Centers for Disease Control and Prevention (CDC).
Unfortunately, the BRFSS does not specifically query nephrolithiasis. Therefore, self reported history of stone formation was elicited only from the LEOs. However, data on CVD risk factors were available from both the LEOs and the BRFSS respondents.
Participants were considered to have provided informed consent by completing the written survey. The study was approved by the respective state DPSs and was conducted in accordance with the ethical standards for research involving human participants of the Institutional Review Board at Iowa State University.
Results of the study were based on the 2,818 (61%) of the participants who returned survey questionnaires. Respondents employed by the DPSs included officers from the areas of criminal investigation (n = 230), Fire Marshall's office (n =9), narcotics enforcement (n =33), the state highway patrol (n =2,470), and 57 LEOs from other entities within the DPS. Respondents ranged from age 21 to 65, with a mean age of 37.3 (SD =8.7).The mean length of employment in law enforcement was 13.7 years (SD = 8.5), with a range of 1 to 40 years of employment.
Of the LEOs reporting a history of stones, 91.4% were White, 4% were Native American, 1% were Asian • Asian American, 0.6%. Of the Native Americans LEOs. more than half (58.8%) also reported concurrent hypertension, compared with 37.2% of White LEOs.
Prevalence of Self"Reported Risk Factors for Law Enforcement Officers and the General Population, with Significance Levels from T"Tests for Equal Group Means
MBBlUrBS
The BRFSS is an ongoing telephone survey designed to determine health risk behaviors of adult Americans. It is administered by state Departments of Public Health under the auspices of the CDC. The LEOs completed a questionnaire evaluating the presence of health risk factors. This questionnaire was based on the BRFSS and queried self reported age, height and weight. history of tobacco smoke exposure. increased cholesterol levels, hypertension, physical activity. obesity, and diabetes.
The format of the questions used in the present study has been described elsewhere (Franke. 2002; Ramey, 2003) . Briefly, examples of operationally defined variables used in this study included having been told by a physician, nurse, or other health professional that the participant had high blood pressure or high cholesterol, self reporting no physical activity in the past I month. with body mass index (BMI) greater than 25 kg/m? defined as Overweight. Questions about nephrolithiasis queried a history of stone formation and the number of stones experienced by the respondents.
Data Analysis and RBsu/ls
Initial data screening was conducted for missing values and outliers. Outliers were treated as missing data. All variables on the LEO and BRFSS surveys were recoded to treat Don't Know or Refused responses as missing data. These rccoded values result in a data set that is as close as possible to the characteristics of the original full data file, while satisfying the requirements for statistical modeling that the data be entirely non-missing. Respondents who self reported a history of kidney stones were categorized as having nephrolithiasis. Categorical independent variables included hypertension. physical activity, cholesterol. obesity (defined as a BMI > 25 kg/nr'), diabetes. and tobacco use. Self reported answers of No were coded as 0, and Yes answers were coded as 1. Ethnicity categories were White, Black, Native American, Asian American, and Other; coded 1 through 5, respectively.
Two approaches were used to explore the relationship between nephrolithiasis and CVD risk factors. First, logistic regression was used to generate the best subset regression model to predict membership in the group with stone formation. Stepwise selection and backward elimination methods were used to select the model with the best ability to predict nephrolithiasis group membership. This technique can use only participants with complete data. Second, this relationship was assessed using bivariate cross tabulated odds ratios (OR). This technique evaluates each risk factor independently of the others, enabling the researchers to include all participants who provided responses about a given risk factor even if they did not provide data about other risk factors. Statistical Package for the Social Sciences (SPSS. Inc., Chicago, IL) software was used as the general use computer program. The results are expressed as mean (SD); statistical significance was set at p < .05. This study showed that 6.2% (SD =.24) of LEOs (174 of 2,793 respondents to these questions) self reported a history of nephrolithiasis. The range of the frequency of stone formation was I to 12, with a mean of 2.25 stones (SD =2.14). The prevalence of several CVD risk factors is reported in Table I (Ramey, 2003) . Odds ratios and 95% confidence intervals (CI) developed via stepwise logistic regression are shown in Table 2 . A trend was seen whereby the OR approached statistical significance for ethnicity (OR =1.29, 95% CI =.972, 1.69). Because of the low prevalence of nephrolithiasis in the cohort, this model predicted group membership poorly. It was unable to predict any of the participants with nephrolithiasis, placing all participants in the non-kidney stone group. The cross tabulated OR values for risk factors associated with self reported nephrolithiasis are presented in Table 3 . This statistical technique identified the same risk factors as did logistic regression. Diabetes was also identified as a risk factor and, when ethnicity was re-coded as a bivariate variable of Native American vs. all others, this ethnic group also became an additional risk factor. Compared to the entire LEO cohort, CVD risk factor prevalence differed in the 174 officers with a history of stones: • 89% were overweight. • 43.5% were hypercholesterolemic. • 31.5% had concurrent hypertension.
• 14% reported being physically inactive. • 3.5% were diabetic.
The Native American ethnic group had the greatest relative proportion of officers reporting kidney stones, although the White group comprised the bulk of the LEOs reporting kidney stones (91.4%). Among the Native American LEOs, 25% (n =7) reported a history of stone formation, compared with 6.2% (n =159) of the White LEOs (p .001). Based on 2000 census statistics, Native Americans comprised 1.33% of the populations of the states assessed here. The DPS study sample was 1% Native American, suggesting the sample was fairly representative of the "source populations."
DISCUSSION
Despite the increased presence of risk factors such as hypertension, being overweight, physical inactivity, and hypercholesterolemia, the prevalence of nephrolithiasis in this LEO cohort was less than that previously reported in the general population. Estimates of nephrolithiasis prevalence in men in the United States vary from 12% to 15% (NIDDK, 2001; NKF, 2000; Wahl, 2000) . The lower prevalence in the present study may have been caused by the "healthy worker effect," whereby some respondents with CVD and concomitant risk factors for nephrolithiasis were removed from the survey pool via disability or retirement. Nevertheless, a significant association was found among nephrolithiasis and CVD risk factors, specifically hypertension, increased BMI (> 25 kg/m'), and hypercholesterolemia. A surprising finding was the relatively large proportion of Native Americans reporting a history of kidney stones and the resultant cross-tabulated OR of 5.25. While the number of Native Americans in this study was small and precludes generalizing to a larger population, the strength of this association warrants investigation.
The OR for hypertension in the group of stone formers was 1.75 (95% CI =1.25, 2.56). These findings are consistent with other assessments using more general population cohorts. Schellenberg (1980) found the risk for hypertension development to be twice as great among stone formers. This is consistent with the findings of Strazzullo (200 I) , who found that a history of nephrolithiasis was associated with an increased risk for development of hypertension (OR =1.96, 95% CI =1.25, 3.07). In their study, participants who formed stones developed hypertension 32.8% of the time, and only 13.9% of participants without stone formation reported hypertension. There also appeared to be reciprocity with an increased prevalence of stones and hypertension-that is, stone development sometimes resulted in subsequent development of hypertension. The researchers suggested that an alteration in calcium metabolism might be the common precursor of nephrolithiasis and hypertension (Strazzullo, 200 I). In the present study, elevated cholesterol and being overweight also were associated with stone formation. These findings are consistent with previous studies linking elevated cholesterol and being overweight to stone formation and to other disease outcomes (Curhan, 1997; Hiatt, 1996; Schellenberg, J980) . Curhan found an increased risk for stone formation related to consumption of animal protein, which may contribute directly to increases in cholesterol levels. However, this finding conflicts with that of Hiatt, who found no significant reduction in stone formation related to consumption of a low protein (high fiber) diet. Schellenberg found that decreased levels of urinary sodium were significantly associated with decreased prevalence of hypercholesterolemia and of being overweight. The opposite was true for corresponding increased levels of urinary sodium. As with others, Strazzullo (200 I) and Schellenberg (1980) recognized the similarity among the risk factors for the two disease entities of CVD and nephrolithiasis. Thus, several studies (Curhan, 1997; Schellenberg, J980) suggest there is reciprocity of these risk factors.
While the overall prevalence for nephrolithiasis was less in the LEO group than that previously reported in general population cohorts, the prevalence of stones was greatest among Native American LEOs. Of these officers, more than half (58.8%) also had concurrent hypertension. This value is more than two and one half times the percentages found for hypertension in the LEO cohort collectively (21.4%) and in the general male population (22.7%).
The prevalence of nephrolithiasis in Native Americans was highest in the state of Oklahoma. Here, one in five (21 %, n =7) of the LEOs reporting stone formation 120 were Native American, and within the Native American group almost half (41.2%) reported stone formation. A high occurrence of concomitant hypertension was also found among LEOs within that state. The prevalence for nephrolithiasis (12.5%), hypertension (37.2%), and CVD (5.5%) was higher in Oklahoma than for any of the other nine states surveyed. One implication of this finding is that race matters. The increased prevalence of nephrolithiasis among Native American LEOs may be associated with the increased prevalence of hypertension found within that group. This relationship is supported by the previously discussed findings of Strazzullo (2001) . Hosking (1983) reported a phenomenon known as the "stone clinic effect." Paraphrased, this phenomenon reflects the reality that, given the universality of teaching clients to increase fluid intake when receiving initial medical consultation for suspected nephrolithiasis, the mere act of being seen in a clinic results in a subsequent decrease in the prevalence of stone formation. This decrease was attributed to the effects of receiving the universal advice to "drink more fluids."
Several of the risk factors associated with nephrolithiasis in the present study (e.g., overweight, elevated cholesterol levels, hypertension) also are associated with development of CVD. It is important to recognize patterns of risk factors that perpetuate illness. The implications of this recognition include early detection of and intervention for diseases, such as nephrolithiasis and CVD, which may occur concomitantly. Thus, it seems prudent to recommend that LEOs have regular medical examinations. Because health care professional initiated counseling for CVD risk factors can be an effective intervention (Long, 1996) , timely advice related to lifestyle modifications might allow for primary prevention of both CVD and nephrolithiasis in this group.
The recurrence rate for subsequent stone formation may exceed 50% within 10 years (National Center for Health Statistics, 1999 Statistics, , 2001 , and increases to 75% within 20 years (Wahl, 2000) . Morton (2002) proposed that the recurrence rate might be as high as 60% to 80%. Clark (1995) found that the direct and indirect cost associated with nephrolithiasis was approximately $1.83 billion for fiscal year 1993. The economic implications of these findings are clear. Although innovations in treatment have been recognized in recent years, the cost relevant to treatment and recurrence of nephrolithiasis remains high (Pearle, 200 I). In an economy challenged to provide cost effective health care and access to all populations, it is imperative to examine primary and secondary prevention strategies' that may impede development and exacerbation of chronic or recurring disease.
Study Limitations
Several limitations of this study need to be appreciated. First, all data were self reported. The study queried only men, and therefore the results may not be generalized to women or to populations that are more gender balanced than LEOs. Another limitation of this study is that the presence of risk factors was not specifically coordinated with the event of the nephrolithiasis. This implies that apart from the difficulty in identifying which came first, the occurrence of the stone or the risk factors, a causal relationship may not be established between the two. Furthermore, although decreased fluid intake is a proven risk factor for developing stones, actual amounts of fluid consumed by the LEOs were not measured in this study. The LEOs who develop CVD usually are given the option of a disability or retirement package. This situation led to the removal of some participants from the respondent pool, and perpetuated the healthy worker effect. Because the occurrence of nephrolithiasis is not usually a subtle event, it is possible that some of the respondents who selected the Don't Know or Not Sure response did not experience a kidney stone. The discussion of nephrolithiasis among the Native American respondents (7 of 28) should be considered preliminary, given the instability inherent in estimates based on small numbers of observations. In addition, it should be noted that the overall self reported incidence of stones is relatively modest (6.2%).
Study Implications
These findings also should be put into perspective. The concomitant risk factors for CVD and nephrolithiasis are controllable. Apprising LEOs of their risk factors will increase awareness and, perhaps, lead to their modifying behaviors contributing to this risk. Practitioners also should consider the possibility of an exacerbation of the risk of CVD and nephrolithiasis in certain ethnic groups, especially Native Americans. Diet regimens, such as the Dietary Approaches to Stop Hypertension (DASH) proposed by Sacks (2001) , which recommend ingestion of fruits and vegetables and low fat dairy products, are an inexpensive and convenient way to promote overall health and to balance the consumption of sodium and animal protein intake. Addressing such behaviors as physical activity, maintaining a healthy weight, and moderate ingestion of animal protein as a food source contributes to the maintenance of overall good health.
SUMMARY
The value of this research lies in the importance of early recognition of patterns of risk factors to design measures of control. This is expected to affect the development of chronic disease. Occupational health nurses who practice within and outside of the profession of law enforcement are positioned to strategically identify patterns of risk within their practice venues. Suggesting that LEOs embrace these preventative lifestyle changes not only may promote better general health, but, equally important, also may impede or retard the recurrence or initial development of nephrolithiasis, while reducing the risk for CVD.
